At the scene of natural disasters, it is safer and more convenient to remotely control robot completing search and rescue mission by gestures, but currently robot gesture control systems are difficult to maintain high efficiency in complex environmental conditions. Therefore, the paper proposes a non-contact detection system based on low frequency electric field, which can recognize various gestures. The system is not only not susceptible to the surrounding environment (light, sound), but also low cost and low power consumption. Based on the principle of electric field detection, we design the system structure, and perform simulation analysis. Followed, according to the simulation results, the signal processing circuit is designed to collect the detection electrode signals under different gestures. gesture features are extracted from a set of data, and random forest algorithm is used to recognize gestures. The results show that the detection system has a correct recognition rate of more than 90% and a response speed of about 3ms, which satisfies the application requirements. 9
Introduction
With the rapid development of intelligent technology, robots could now do a lot of dangerous work instead of humans. In complex and dangerous environments such as mines, disaster sites, operators can direct robots to work through remote control systems, reducing the risk of injury while working on the scene [1, 2] . The integration of gesture recognition technology into the control system, through the movement of the human hand to convey the corresponding order, can greatly reduce the difficulty of user's operation, who don't need extra training and more memory burden, and their work efficiency will be greatly improved.
At present, the mainstream gesture recognition methods mainly include wearable device based method and computer vision based method. The gesture recognition system based on wearable device has high recognition accuracy and fast response speed, but the operator must participate in mineral detection and disaster treatment in the vicinity of the site, and the equipment attached to the human body is a burden for users. The gesture recognition system based on computer vision could acquire hand motion information through camera, and recognize hand motion by processing and analyzing the image. However, when the operator is working outdoors or underground, the lighting conditions and the background of the hand will constantly change [3] . It is difficult for the system to completely separate the hand from the image, which may miss some information. Meanwhile, when tracking the gesture, the system may have too much computational complexity due to the feature quantity of the human gesture and the number of gesture samples, thus system probably has a delay [4, 5] . In contrast, electric field-based gesture recognition systems have certain advantages. The electric field detection system loads an alternating voltage on the emitter electrode to form an electric field in space. When the hand enters the detection range, the disturbance to the original electric field is fed back to the signal receiving electrode of the system. According to the signal of receiving electrode, system could determine the posture and position of the hand. Therefore, the system is not susceptible to changes in environmental conditions, and by adjusting the frequency of the alternating voltage, the response speed of the system can reach milliseconds, while the system has low cost and low power consumption, which is conducive to popularization.
In recent years, electric field-based gesture detection technology has gradually developed [6, 7] . From 1995 to 1999, MIT scholar Smith developed a positioning system for human hands in three dimensions [8, 9] . In 2013, Microchip in the United States designed a three-dimensional gesture recognition system that tracks the location of the hand's charge center and obtains positional and trajectory information about hand motion. In 2016, Singh et al. used a four-electrode array to detect the movement of the arm [10] . At present, electric field detection technology is mostly used for trajectory tracking and positioning of the hand. Therefore, this paper studies a non-contact gesture recognition system based on alternating electric field that can recognize multiple dynamic gestures, which can be applied to the gesture control system of robots in complex environments.
Methods

Sensing Principle of Alternative Electric Field
The alternating electric field detector is mainly composed of a signal transmission system and a signal receiving system. The signal transmission system includes an excitation source VS and an emitting electrode TX. The excitation source applies a sinusoidal alternating voltage to the emitting electrode, and the amount of charge on the electrode changes with time, thereby forming an alternating electric field in space. The signal receiving system includes sensing electrodes RX and signal processing circuit. The sensing electrodes are arranged in an array on the detecting panel to generate induced current under alternating electric field. The induced current is coupled to the circuit in the form of a voltage through a snubber capacitor. When the hand enters the detection area of the system, the original electric field is disturbed so that the part of the electric field line terminates in the hand or arm and cannot reach the sensing electrode RX. Therefore, the electric field intensity near RX decreases, which leads to the electric potential drops. The distance between hand and each sensing electrode is not same, so the change of potential on sensing electrodes is different, and the features can be extracted to classify gestures. The electric field detection system is shown in Fig. 1 . In general, the frequency f of the alternating voltage is between 10 and 150 kHz, which is outside the radio frequency range and not be disturbed by radio signals. The electric wave generated by the charge on the emitting electrode has a wavelength λ=c/f of more than 2 km. However, the detection distance of the system does not exceed 1 m, and the size of the emitter electrode is on the order of centimeters, which is much smaller than the electromagnetic wavelength λ. Therefore, within the detection of the system, the time-varying electromagnetic field could be regarded as a quasi-static electrical near field at each moment. The electric field equation could be used to calculate the electric field and potential distribution in the space, ignoring the influence of the magnetic field. In order to improve the dynamic response characteristics of the system, the frequency of the alternating voltage is determined to be between 40 and 100 kHz.
Design and Simulation Analysis of System
The electric field detection system is mainly composed of four parts, namely sensing electrode, insulating material, emitting electrode, and ground electrode of system. According to the function of each part, the detection system is designed as a hierarchical structure, which has five layers, from top to bottom, including the sensing electrode layer, the insulating layer, the emitting electrode, the insulating layer, and the ground electrode respectively. The ground electrode is placed on the bottom of the system to shield the underlying interference source. According to the size of the ordinary person's hand, the area of the panel of the detection system is designed to be 20cm*12cm, which is slightly larger than the hand area. The human hand can be divided into three areas: finger, palm and wrist, and each area also could be divided into three parts so that the system could measure the stretching and bending of each finger and the pitch, yaw and roll of the wrist relative to the detecting panel. So the system includes 9 sensing electrodes.
In order to improve the sensitivity of the system, under the premise of meeting the portability requirements of the system, the distance between the sensing electrode and the transmitting electrode should be appropriately increased to reduce the coupling capacitance between the two electrodes. In addition, the ground electrode and the emitting electrode should also maintain a low degree of coupling. Therefore, the distance between the sensing electrode and the emitting electrode is designed to be 10mm, and the distance between the emitting electrode and the ground is also 10mm. The simulation model of the detection system is shown in Fig. 2 . (1) The potential of the sensing electrodes under the dynamic gestures is simulated. When the hand moves from left to right. The model that the fist passes over the sensing electrodes is shown in Fig. 3a . On the whole, the potential change of the left sensing electrodes is the earliest, and the change of right electrodes is latest. Since a large amount of electric charge is concentrated on the curved fingers, the magnitude of the change in the potential of the electrodes [No4, No5, No6] is the largest, as shown in Fig. 3b . Because the charge is concentrated on the index finger and thumb, when the hand with W-shaped gesture moves from left to right, the potential change of the electrodes [No4, No5, No6] is much larger than others, which is similar to fist.
When the stretched hand moves from left to right, due to the scattered distribution of charge on the hand, the difference in potential change of each sensing electrode is relatively small, but they are not synchronized. There is still a similar time difference compared to the fist, as shown in Fig. 4b . In addition, the potential of sensing electrodes is simulated, when the hand moves form top to bottom. Moving hand with a W-shaped gesture increases the distance from the sensing electrode from 1mm to 80mm. During the movement of the hand, the potential variation of the electrode is significantly reduced. Curves of potential change in one carrier cycle are shown in Fig. 5b . The distance within 40mm, the potential difference of each electrode is obvious, so it's easy to extract the features of gestures. However, when the distance is more than 60mm, the potential change of the sensing electrodes is too small to detect the posture and position of the hand. Simulation results for other gestures are similar. 
Establishing Electric Field Detection System
In order to increase the detection distance of the system, a signal processing circuit can be designed to condition the sensing electrode signal, which includes a differential amplifying circuit, a band pass filter circuit, a data acquisition circuit and a voltage stabilization circuit. Band pass filter circuit can minimize the interference of 50Hz power frequency signal in space. The dynamic characteristics of the system is also tested. When the stretched hand is waving from left to right, the potential curve of the electrode fluctuates in turn according to the moving direction, as shown in Fig. 6 , which is similar to the simulation results. the lowest frequency of the alternating voltage is 40kHz. In order to improve the accuracy of recognition, it's usually necessary to collect data for more than 100 cycles. Adding the delay time of the circuit, the recognition period of the system is up to 3ms. After testing, the detection distance of the system is about 10cm, and the detection distance can be further improved by modifying the system structure or increasing the excitation source voltage.
When the hand and electrode are at different distances, multiple dynamic gestures data are collected, which include upward or downward movement of hand with three gestures, forward, backward, leftward or rightward movement of stretched hand or fist, with 1000 sets of data. The number of training sample sets is 800, and the rest is the test sample set.
The potential matrix V of the sensing electrode is a basic attribute of the gesture, as shown below. 
The elements in the matrix can be combined and transformed to obtain composite attributes, such as the sum of row vector [Sx1, Sx2, Sx3] or the sum of column vector [Sy1, Sy2, Sy3]. potential matrix V also could be converted to the normalizing matrix D, which could analyze the proportional relationship of the electrode potentials, as shown below.
Results
When the stretched hand or fist moving in a certain direction, there is a significant difference in the time of potential fluctuation of each electrode. Therefore, the accuracy rate exceeds 98.5%. In comparison, system has a lower recognition rate for upward or downward movement of hand with different gestures. As the distance between the hand and the system increases, the signal strength of the detection electrode will decrease significantly, resulting in a lower recognition rate. The current overall recognition rate is 90.5%.
Conclusion & Discussion
The electric field detection system not only recognizes a variety of dynamic gestures, but also realize the position of the hand by using the sensing electrodes of four corners. The system does not need to wear equipment, with simple structure, and is not susceptible to the surrounding environment. Using it as a gesture control system of robots to command it to work in harsh environments, could greatly improve work efficiency, and reduce the risk of operator injury, so it has broad application prospects.
Currently, the operator's gesture is almost flat above the sensing electrodes. However, the gestures made by each operator are different. The hand may be drooping or lifting up. The recognition of gestures in different states should be further studied. On the other hand, the detection distance of the system needs to be improved so that operators can use the system more conveniently.
